In regenerative medicine, the sophisticated evaluation of bioengineered tissue requires noninvasive methods which can be performed in the same manner both in vivo and in vitro. Especially, noninvasive measurement methods of dynamics characteristics and tissue properties are considered to be important. We have previously reported the utility of Time-Resolved Laser-Induced Fluorescence Spectroscopy (TR-LIFS) as a noninvasive evaluation modality of tissue properties. Cartilage tissue consists of an abundant extracellular matrix, and the main ingredient is proteoglycan and collagen type II. It is necessary to confirm the presence of collagen type II at least to check how much is cultured while tissue engineered cartilage maintains a chondrocytic phenotype during the incubation period. In this study, we investigated whether pulsed laser irradiation and measurement of excited autofluorescence would enable noninvasive real-time evaluation of viscoelasticity and tissue characterization.
ABSTRACT INTRODUCTION:
In regenerative medicine, the sophisticated evaluation of bioengineered tissue requires noninvasive methods which can be performed in the same manner both in vivo and in vitro. Especially, noninvasive measurement methods of dynamics characteristics and tissue properties are considered to be important. We have previously reported the utility of Time-Resolved Laser-Induced Fluorescence Spectroscopy (TR-LIFS) as a noninvasive evaluation modality of tissue properties. Cartilage tissue consists of an abundant extracellular matrix, and the main ingredient is proteoglycan and collagen type II. It is necessary to confirm the presence of collagen type II at least to check how much is cultured while tissue engineered cartilage maintains a chondrocytic phenotype during the incubation period. In this study, we investigated whether pulsed laser irradiation and measurement of excited autofluorescence would enable noninvasive real-time evaluation of viscoelasticity and tissue characterization.
METHODS:
We obtained the articular chondrocytes of twelve four-week-old male Japanese white rabbits weighing about 1 kg. We harvested all chondrocytes after 2 passages in culture. We thereafter inoculated them in a mold at a high density, and then performed a rotational culture and static culture for five weeks after a primary static culture (pSC) for 7 days. We measured the selffluorescence spectrum with TR-LIFS in a rotational culture (RC) group plate, a static culture (SC) group plate (n =5) and the articular cartilage. Regarding the excitation light source that we used, pulse Nd:YAG laser light and the self fluorescence were measured by a multichannel spectroscopy system. All samples were immunostained for collagen types II. The samples were digested at 4 h with pepsin for 48 h followed by elastase for 24 h, then assayed for collagen type II through a capture enzyme-linked immunosorbent assay. Tensile testing was performed with the sample set in a grip and at a pulling speed of 4 mm/min. Young's modulus was calculated from the slope of the linear portion of the load-deflection curve.
RESULTS:
The tissue engineered cartilage after 1 week of primary SC retained a form similar to the mold (Fig. 1A) . However, after removal from the culture medium, this shape could no longer be maintained (Fig. 1E) . With RC and SC, thickness of the chondrocyte plate increased with culture duration (Fig. 1B -D) . After 2 weeks of culture, the construct retained its shape even when handled with forceps (Fig. 1F,G) . While the content of collagen type II in static culture did not increase for up to 3 weeks, it significantly increased in the rotational culture. (Fig. 2) In the SC group, immunostaining for type II collagen did not clearly differ up to 3 weeks of culture, but at 5 weeks of culture, staining was intense. In the RC group, staining did not clearly differ up to 2 weeks of culture, but staining was intense by 3 weeks of culture and remained so at week 5. In addition, overall staining for type II collagen, as compared to the SC group, tended to be more uniform and intense (Fig. 3) . The peak wavelength of the RC group significantly shifted to 400nm (p<0.01) for 3 weeks. On the other hand, in the SC group, we recognized a similar tendency for 5 weeks. The peak wavelength of the fluorescence spectrum in the RC group shifted to 400nm for collagen type II earlier than that in SC group. (Fig. 4) Young's modulus tended to increase after each week of culture in the RC group when compared with the SC group. In the SC group, there was no significant increase by 3 weeks, but the increase was significant at 5 weeks. In the RC group, there was no significant increase at 2 weeks, but the increase was significant by 3 weeks (Fig. 5) . Correlation analysis regarding type II collagen content, peak wavelength and Young's modulus revealed significant correlations among all parameters (Fig. 6) .
DISCUSSION:
In this study, we demonstrated that cultured chondrocytes with 3 weeks of rotational culture significantly increased the amount of collagen type II by noninvasively measuring the peak wavelength of the TR-LIFS. Peak wavelength reflected the type II collagen content of the sample and it was clarified that it is possible to quantitatively evaluate the constituent representing the largest component ratio. These results suggest the possibility of quantitatively evaluating other autofluorescent materials through analysis of the substance-specific fluorescence wavelength. 
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